Planning for current and future climate risks depends on more than early warning signals and technical climate information. The management and enabling of effective risk approaches, we argue, is shaped by complex contextual settings. These contexts are shaped by decisions including: What climate risks are prioritised? Who makes decisions about risk response interventions and how do they make these decisions? This preliminary study uses observed changes in storm events in the City of Johannesburg (CoJ) and the City's Climate Change Adaptation Plan as a lens through which the scope of such contexts and decisions can be interrogated. The study is used as a springboard from which to begin a dialogue on interactive approaches to adaptation and response planning for current and future climate change. We suggest that this dialogue may be required for a more proactive disaster-risk approach in the city. The major focus of the paper includes a statistical analysis of historical weather data from the OR Tambo Weather Station, located in close proximity to the city. Significant trends are identified in the frequency and intensity of thunderstorms for the period 1960-2009. This preliminary assessment shows some similarities with emerging climate change projections that suggest that heavy rainfall events may become more frequent and intense. The preliminary results presented here also concur with the recent findings contained in the CoJ's Climate Change Adaptation Plan (2009). While the study is in no way substantive and few wider generalisations and strong conclusions can be drawn from it, the study does provide a useful starting point for considering possible planning interventions. The potential value of using science and information from studies, such as this, is highlighted along with the possible ways in which such science can interact with and help inform a comprehensive planning agenda in the City. Finally, the paper calls for more attention to be paid to the contributions and perceptions of community awareness and understanding of climate risks.
Introduction
Attention focussed on climate change is growing both globally and locally. One problem with much of the current discourse is that this focus is usually on long-term challenges rather than on also attempting to understand current local issues. Projected climate change is important for various planning horizons, particularly those that aim to address climate and development issues in the short and longer term. This paper aims to show that an enhanced understanding of both current and past climate phenomena (in this case thunderstorms) can be invaluable in enhancing the dialogues needed to improve adaptation to future climate change. Some practical and effective insights into current and future environmental challenges (e.g. climate change and climate variability) can potentially be gained from those already working on climate adaptation research and adaptive governance (Adger, 2001; Adger et al., 2009; Demeritt et al., 2010) . Despite the wealth of such insights, we suggest that there remains a patchy understanding of how climate and climate risk assessment can be woven more effectively into everyday planning, particularly in urban planning settings.
In the late 1990s, Cohen et al. (1998) challenged those working on climate change and sustainable development to consider, amongst other things, that integration between climate change and sustainable development needs to be context specific. Integrated assessments need to be informed by local knowledge, include climate models as well as incorporate an understanding of broader social issues (Cohen et al., 1998; Roberts, 2008) . Although the international literature is becoming increasingly populated by climate studies that include themes such as those raised by Cohen et al. (1998) , few such studies exist for urban areas in South Africa.
One way to begin highlighting the need for a richer and more engaged dialogue on climate change and variability, in local contexts, is to illustrate the nature of a climate problem (e.g. thunderstorms) from various perspectives. This process can begin, for example, by investigating some of the climate scenarios that may accompany climate change, particularly where these may be of value to urban planners. Here the patterns and trends, which climate systems have produced in the past, can also be reflected on. From there, an assessment can be conducted on the value of possible assimilations of the findings, in a way that shows how such information can affect everyday lives and how such information may contribute to how risk perceptions are framed. To provide a context within which this debate can be articulated, the current state of intense rainfall variability also needs to be understood. This will also reveal the risks and consequences of possible changes in variability that may result from climate change (Boko et al., 2007; Christensen et al., 2007) . Improving the understanding of current storm risks is not purely for the benefit of the 58 science-policy dialogue, but for the affected communities. Efforts also need to be made to understand how flood risk is framed and perceived by those most affected by such storms. Multiple perspectives are thus required for effective local-scale climate adaptation and, as we show in this paper, this diversity needs to be acknowledged if successful planning interventions are to be designed. Before the dialogue has even begun narrowing down to a specific case, a range of issues, including discussion on the links between climate change and climate variability, must be explored.
The United States (US), for example, has good climate records of the last century that provide insight into the current state of rainfall trends in that country (CCSP, 2008a) . The US Climate Change Science Program (CCSP) Synthesis and Assessment Product 3.3 (CCSP, 2008a; b) reports on precipitation trends that are apparent in the US between 1908 and 2002. Total annual rainfall, for example, shows an increase over the period. Medium and light rainfall events, however, show very little change. The report further highlights that the interdecadal variability of heavy rainfall events is also high. There is a clear trend of increasing intensity and frequency of heavy rainfall events, which is particularly evident in the central and eastern parts of the country (CCSP, 2008a) . The future model projections show that the trend of increasing intensity of rainfall events is likely to strengthen further and uncommon heavy rainfall events should become more common (CSSP, 2008b) .
Despite modelling difficulties, general circulation models (GCMs) and regional circulation models (RCMs) -climate models run by powerful computers -have shown that the intensity of the global hydrological cycle is likely to show an overall increase with climate change (e.g. Christensen et al., 2007; Fauchereau et al., 2003) . More specifically, some GCMs show that the frequency and intensity of heavy rainfall events are likely to increase as a result of climate change (CSSP, 2008a; Mason et al., 1999; Meehl et al., 2007) . The modelled trend for heavy rainfall, moreover, shows statistically significant projections in some cases, which reveals that, although the number of dry days will increase, when it does rain both average and maximum daily rainfall are likely to increase (CSSP, 2008b; New et al., 2006) . Figures 1 and 2 show the probability distribution of rainfall intensity and how climate change will influence it, in particular how extreme rainfall events will be affected. The combined effect of these changes may mean a dampening of any increases leaving total annual rainfall relatively constant over time (Engelbrecht et al., 2009; Mason and Joubert, 1997; New et al., 2006) . It is therefore less likely, some suggest, for climate change to be detectable in seasonal trends or annual averages. Instead, changes in climate variability will be more obvious through heavy rainfall trends (New et al., 2006; Williams et al., 2008) . These events are predicted and observed on regional scales and thus require climate models that have a higher resolution than the GCMs.
A recent study (Engelbrecht et al., 2009 ) for example, revealed that total rainfall in the south-western region of South Africa is likely to decrease; the eastern regions should also become drier; and the central interior is expected to receive increased total rainfall (Engelbrecht et al., 2009 ). The rainfall season is likely to shorten with increasing intensity of rainfall events, particularly where convective rainfall occurs (Engelbrecht et al., 2009; Mason et al., 1999) .
There are few assessments in South Africa that are similar to those conducted by the CCSP. Available larger-scale assessments, however, show that, since the beginning of the 20th century, annual rainfall over South Africa has remained relatively constant. Some increases in the extremes in rainfall variability have been observed (Kruger, 2006) . Similar results have also been found in a countrywide study of the long-term changes in extreme rainfall events in South Africa for the periods 1931 -1960 and 1961 -1990 (Mason et al., 1999 ). An increase in rainfall intensity was identified over significant parts of the country over the assessed time periods. The spatial resolution of this study is, however, quite coarse and gives little detailed insight into heavy rainfall events in localised areas.
The understanding of distribution and driving forces of precipitation and heavy rainfall events in Africa is also limited by the problems of being able to downscale effectively from larger GCM projections. Although work is currently underway to improve Southern African projections, the effectiveness of downscaling regional models in Africa remains relatively uncertain (Christensen et al., 2007; Engelbrecht et al., 2009; Fauchereau et al., 2003; Kruger, 2006 and Preston-Whyte, 2000) . January 2010, although predicted to be within an El Niño season, saw a large amount of rainfall through the eastern parts of South Africa. This pattern is typical of normal summer rainfall (Tyson and Preston-Whyte, 2000) . Notwithstanding the range of issues associated with climate science and forecasting, opportunities are emerging from some of the assessments of current climate variability and their linkages to climate change projections.
Beginning a discourse on climate risk reduction -the case of storms in Johannesburg
Following this brief background on some of the 'drivers' of rainfall in the region, attention now turns to an investigation of current and past storm characteristics for Johannesburg. Recently, the City of Johannesburg (CoJ) experienced severe flooding, which had devastating consequences, including loss of life, and resulted in a disaster being declared for parts of Soweto (February 2009; Mail and Guardian, 2009) . These events highlighted the need for increased disaster planning and risk reduction approaches for heavy rainfall events, including thunderstorms. Of interest in the results emerging from the investigation of storms in Johannesburg, is the pattern of storm occurrences and the implications such patterns may have for planning in the City. We also reflect on the value added by such technical assessments and call for more nuanced assessments that may be required to build resilience to future storms.
The City of Johannesburg
The CoJ is situated in the Gauteng Province on the interior highveld plateau of South Africa, at an altitude of 1 740 m. Convective thunderstorms bring the majority of precipitation to the highveld region. These storms account for the major flooding and heavy rainfall events that affect the CoJ and can cause much damage to livelihoods and infrastructure (Tyson and Preston-Whyte, 2000) . A number of recent studies have examined daily rainfall in and around the CoJ over the past few decades, in order to gain a better understanding of rainfall variability and change (Dyson, 2009; CoJ, 2009) .
In this paper, rainfall events have been classified according to intensity for Gauteng Province. Dyson (2009) uses the top 10% of average daily rainfall to categorise heavy rainfall events (the 90 th percentile was 9 mm, but 10 mm was used for simplicity). Dyson (2009) defined a significant rainfall event as one where the average rainfall for the area is over 10 mm in a 24 h period. A heavy rainfall event is classified as one where at least 15 mm of rain falls in one day and a very heavy rainfall event is one where at least 25 mm of rain falls in a day (Dyson, 2009) . 'Heavy rainfall events', which surpassed the 5% (more than 13 mm in a day) threshold comprised only a very small number of events. The process of classifying heavy rainfall events is dependent on a historical range of average daily rainfall. This process is based on the assumption that the frequency and intensity of heavy rainfall events remains within a constant band of variability. This assumption becomes problematic if rainfall variability changes over time, as may occur under various climate change scenarios.
Using the approaches briefly outlined above, Dyson (2009) analysed daily rainfall for Gauteng from 1977-2009 in order to improve understanding of heavy rainfall characteristics for forecasting. The focus of the study was specifically on heavy rainfall statistics and not on causative weather systems for the benefit of climate forecasters. The results of Dyson's study show that in Gauteng January is the month with the highest average rainfall. It is also the month with the highest number of days where heavy and very heavy rain falls. A trend analysis was conducted on seasonal rainfall from 1977-2009. However, no statistically significant trend was found for either the early or late rainfall seasons (Dyson, 2009 ). There is evidence that if very heavy rainfall is measured at a single station, it is more likely to be an isolated downpour rather than a widespread heavy rainfall event (Dyson, 2009) .
A second study that was conducted on daily rainfall in the region was included in the CoJ's Climate Change Adaptation Plan (CCAP). The study investigated rainfall data from the Krugersdorp weather station for . It assessed rainfall trends over the period. There were no observable trends in monthly rainfall, rainfall per rain-day or the number of days with over 10 mm of rainfall. There was, however, a significant decrease in the number of rain days with at least 2 mm of rain. This decrease equates to between half and one less rain day per decade (CoJ, 2009) .
Intense, small-scale storms are difficult to predict but often result in flooding, which can have dire consequences for livelihoods and infrastructure of various types and scales. It remains unclear how changes in rainfall patterns will affect runoff and the hydrological cycle as a whole for the region and for more local cases (Christensen et al., 2007; Tadross et al., 2005) . If runoff increases in association with changes in rainfall, there will be severe impacts on already vulnerable communities (Mason and Joubert, 1997).
Detecting storm patterns: understanding the risk for Johannesburg
Some assessments of climate change projections suggest that thunderstorms in Gauteng may decrease in frequency and increase in intensity (Engelbrecht et al., 2009) . Heavy storms, which occur relatively infrequently, are likely to increase as the average storm intensity increases.
Given some of these assessments, this particular study for Johannesburg found that the total number of storms has decreased over the study period. The number of heavy storms, however, has remained constant through the period. By inference, this means that heavy storms make up a bigger proportion of storms later in the period compared to the earlier years. This is indicated in the average storm rainfall, which shows an increasing trend through the period. These preliminary conclusions are, however, tentative. Similar assessments of drying and drought periods would also be informative but these fall outside the scope of this study. To date, the results of the study show that there is a highly significant decrease in the number of thunderstorms, from 1960-2008, at the OR Tambo Weather Station. There is also a highly significant increase in average rainfall per storm. These observed changes link closely to some preliminary climate change projections (Engelbrecht et al., 2009) . Both the number and intensity of storms link to the anticipated change. This study classifies a heavy storm as one with more than 10 mm of rainfall. Heavy storms are expected to increase in frequency; yet there is no evidence, in this study, of a change in heavy storm frequency over the period.
Given the wider provincial backdrop provided by Dyson's (2009) study, South African Weather Service (SAWS) weather data were examined to find possible patterns at a local scale (e.g. Johannesburg). Data for this study were taken from the OR Tambo Weather Station, for the period 1960-2009. This period was used because it comprises the full set of observation 60 data available. Due to the requirements of the airport there is always a human observer monitoring the weather at the station, so cloud and weather data are available for the entire period. This information is crucial for identifying storms, as thunderstorm occurrence is associated with a combination of specific weather.
The weather and cloud data comprised 3 daily-recorded observations, at 08:00, 14:00 and 20:00. In contrast to these datasets, rainfall data are stored as daily totals. For the purpose of this study, a thunderstorm is identified by the fulfilment of 3 criteria at a specific time on a day, namely cloud type being cumulonimbus, the human observation of a thunderstorm, and the occurrence of rain during that day.
Cloud data are stored as a list of 9 digits where the second digit refers to low cloud type. Cumulous cloud is a low cloud and is identified by the numbers 3 and 9. Weather data are recorded as a number from 0 to 99 where each number refers to a possible weather phenomenon. Thunderstorm observations are limited to the numbers 13, 29 and 90 to 99. Rainfall data are recorded as a daily total rainfall, measured in millimetres. A maximum of 1 thunderstorm is counted per day due to the availability of only 1 value for daily rainfall. This minimises the data inconsistencies between rainfall, cloud and weather types. This method also prevents a single storm, which extends across observation times, from being counted more than once.
This study focuses on the summer season, from October to March, in line with other summer rainfall studies in the region (e.g. CoJ, 2009; Dyson, 2009) . Following the identification of thunderstorms during this period, the frequency of these events is investigated. The total number of storms per season is calculated by summing the storms identified during each year's rainfall season. Further analysis of the data includes assessments of storm frequency, total rainfall, total storm rainfall, average storm rainfall and heavy storm frequency. In line with Dyson's (2009) rainfall study and a study from the Krugersdorp Weather Station, heavy rainfall is classified as the top 10% of daily rainfall, which equates to a daily rainfall of at least 10 mm. The greatest potential inaccuracy in this study is underreporting of storm events.
Storm frequency
Following the identification of thunderstorms over the summer seasons between 1960 and 2008, an analysis of storm frequency over time was conducted. Figure 3 shows the trend of summer thunderstorms for the period. The distribution across the period shows a decreasing trend. There is 1 outlier value in the 1986/1987 season. This is likely due to the deep low-pressure system over Botswana that drew moisture through to Gauteng in late October 1986. This system resulted in the highest daily rainfall for Gauteng between 1977 (Dyson, 2009 . A Poisson regression model was applied to the distribution as shown in Fig. 3 . The regression indicates a highly significant (p < 0.0001) decreasing trend over time in the frequency of storms. At the beginning of the period, storm count is roughly between 30 and 45 per year. By the end of the period, the range has decreased to between 10 and 25 storms per year.
Total storm rainfall
Continuing with the assessment of thunderstorms between 1960 and 2008, the total rainfall produced specifically by thunderstorms was the next focus of the research. The rainfall produced by individual thunderstorms was extracted from the daily rainfall data. This set of data was plotted as a time series as shown in Fig. 4 . The range of total storm rainfall for the summer season over the period of the study lies between 150 mm and 450 mm. The 1986/1987 summer storm season was the only year in which storm rainfall exceeded this band. The total rainfall produced by thunderstorms showed a slightly decreasing trend over time, which is just significant at the 5% level (p = 0.04).
Average storm rainfall
The average rainfall per storm was analysed by dividing the total storm rainfall by the number of storms in the respective season. These values are then plotted on a graph (Fig. 5) . A linear regression fitted to the series indicates a highly significant (p < 0.0001) increase in the average rainfall per storm over the period. In the 1960s, the average rainfall per storm ranges between 5 mm and 12 mm. By the 2000s, this has increased to between 10 mm and 16 mm per storm. This mirrors the results found by Kruger (2006) , where an increase in rainfall intensity was observed over the past century in Southern Africa.
Heavy storm frequency
Due to the highly significant increase found in the average rainfall per storm over the period 1960-2008, heavy storms were also analysed to determine if this relates to an increase in the 61 frequency of heavy storms. A key challenge in studying past heavy rainfall events is defining what constitutes a heavy rainfall event (classified here as the top 10% of rainfall events, i.e. when 10 mm or more fell in a 24-hour period). These storms were extracted from the total storm count and their frequency is plotted over the period as shown in Fig. 6 . The Poisson regression model is applied to this distribution. The number of heavy storms averaged around 10 per year over the whole period. The season with the highest number of heavy storms is 1986/1987, where 16 heavy storms are noted.
Total rainfall
The final analysis conducted is of total rainfall (thunderstorms and other rainfall) for the summer season across the period as shown in Fig. 7 . A regression model was applied to the distribution. The model showed no significant statistical trend over the period. The results from this study are corroborated by those of the Krugersdorp study (CoJ, 2009 ). The decrease in thunderstorm frequency identified in this study, links well to the increase in number of dry days in Krugersdorp. Both studies found there to be no trend in rainfall events where more than 10 mm of rain fell in a 24-hour period. Neither of these 2 studies can be easily linked with Dyson's study as it searched for daily rainfall characteristics rather than trends. The isolated heavy rainfall events noted in this study are however, also identified in Dyson's study (Dyson, 2009 ).
As noted above, the results of such isolated studies should not be used to infer trends for broader scales (Denault et al., 2006) . Although these changes cannot be explicitly attributed to anthropogenic climate change, the results of this study link well with some climate change projections. Nevertheless, the findings of the investigation into thunderstorm variability in the CoJ reveal some very interesting and potentially significant changes over time. Uncertainties and limitations are inherent in climatic studies of this nature.
Uncertainties and limitations
Uncertainties and limitations are inherent in climatic studies of this nature. A key uncertainty in the study relates to the classification of thunderstorms and significant rainfall events. Three criteria are used to make this classification and are based on the available information from the SAWS. The SAWS data is assumed correct and thus this study indicates the minimum number of storms for the period. The data includes cloud type, rainfall and the observation of a thunderstorm by an observer. Cloud type and thunderstorm observations are both subject to error. There might have been occasions where a storm or the cloud type was not recorded due to a more dominant weather event at the time of observation. Storms may have been missed if one occurred between observation times but was not present at the recorded time. Both situations imply the possibility that more storms occurred than were recorded. The results from these datasets are tested by dropping the cloud type and thunderstorm observation respectively from the 2 tests. The resulting trends are essentially the same in all situations.
The results of this study are fundamentally dependent on the construction and interpretation of what classifies a thunderstorm and of particular importance is the classification of heavy rainfall events. The social implication of such events is usually perceived to be greater than less intense events. Although the most intense storms (in this study, those with rainfall over 10 mm) can potentially cause great damage, much smaller storms, however, can also lead to similar amounts of damage (Satterthwaite et al., 2007) . The impacts of thunderstorms over the past 50 years are not investigated in this study. It is suggested that such studies should be conducted to improve the understanding of thunderstorm impacts. These studies could use an integrated approach using insurance loss data, interviews with affected people as well as runoff, drainage and flow data.
Notwithstanding the caveats and limitations of this study, the results of this research provide useful information on 62 possible changing rainfall with respect to thunderstorms in the CoJ. This study should not be viewed as conclusive or comprehensive in its analysis of thunderstorms in the CoJ. As is noted in the Fourth Intergovernmental Panel on Climate Change (IPCC) Assessment, Working Group 1 report, climate change research is inherently uncertain and thus further study in this field is required to verify the results (Christensen et al., 2007) . The results of this study, nonetheless, provide some evidence that thunderstorm patterns at the OR Tambo Weather Station are not stable and some change is apparent.
Discussion
The results of the climate study show that trends in frequency and intensity of storms are evident in the CoJ for the period 1960-2008. Although these findings enhance the current understanding of the local climate and recent variability, the results are only from 1 station. It is therefore difficult to link the results to a wider policy response.
Notwithstanding the limitations of the 'size' of the data set, the study provides an interesting entry point to begin a discussion with city officials on the possible implications of climate change and other development challenges in the city. Flooding in the recent past (2009) has had severe impacts on residents in Johannesburg including loss of life (Mail and Guardian, 2009) . As indicated at the outset of this paper, parts of Soweto were declared disaster areas due to intense flooding. City officials made site inspections and emergency meetings were held to create solutions. Such seemingly ad hoc responses are at odds with the Disaster Management Act (RSA, 2002), which calls for vulnerability assessments and a more proactive response to risk reduction. Storm events, such as those that occurred in 2009, should therefore not be viewed as surprise and isolated shock events but should rather form part of a sustainable planning and development dialogue in the City (e.g. stormwater planning and infrastructure). As Rayner points out in the foreword to Hulme's (2009) recent book, the purpose of dialogue about the possibility of climate change is not to scare people about a physical 'threat' but to use climate change as a vehicle to begin to examine a range of other issues that are 'unveiled' as one tries to better 'manage' climate threats such as storms:
'…climate change debates are more than merely a peg on which different interest groups can hang their particular agendas. Rather climate change provides a much needed arena and stimulus for public discussion of the big issues of our time. ' (Rayner in Hulme, 2009: xxiii) Many communities depend on their local municipality to provide risk reduction strategies to enable adaptation and recovery from the effects of heavy rainfall events. Several other dimensions also need consideration when gearing up for, and ensuring resilience to, periods of potential climate stress. These include assessing the governance structures and processes of various institutions designed to intervene. Policies and institutions, for example, require a level of flexibility in their approach to disaster response as the extent and type of risks as well as the needs of the affected communities are likely to change from one disaster to the next (Dietz et al., 2003) .
In the case examined here, we argue that it is not sufficient to only communicate technical risk information; there is also the need for those affected (e.g. policy-makers and civic society) to understand the nature of the issues they are dealing with. It is important for scientists to also listen to and embrace, where applicable, other perceptions and insights on the problems, so that solutions can be co-designed. To aid this process in the CoJ, particularly regarding storm risk management, we suggest that improved knowledge of the past and future climate and environment for the city, on the one hand, is necessary. It is also important, on the other hand, for city planners (e.g. stormwater drainage and spatial planners) to understand how storm variability affects urban and environmental systems (CCSP, 2008b) . Combining knowledge, which includes how storm variability is likely to change together with the sensitivity of the affected urban and environmental systems to such changes, we suggest, may enable the development of comprehensive plans to reduce the vulnerability of these systems to the associated risks of thunderstorms.
In addition, city officials and wider civic society (e.g. NGOs and various communities) also need to be able to assess critically the credibility of models and risk scenarios that they are provided with. Rayner and Malone (1998) note, for example, that climate change should be joined to issues of societal resilience including development and other issues. The challenge, they argue, is to make climate change information and knowledge more politically relevant. Rather than isolating the science of storms and their occurrence into an academic silo and an academic paper, the way forward is through a more meaningful involvement of the potential uses of scientific and local knowledge. By working closely with the users of this knowledge and those affected by the outcomes of climate science, the public, many useful insights can be gained, which can complement the science of climate change. Co-produced information can feed into the routine decision-making frameworks of governments (Cohen et al., 1998) .
A detailed assessment of governance and perceptions of climate change, including an assessment of policy processes and products, is required to understand how and why certain aspects of the 'climate story' are being raised as focal points while others are possibly allowed to remain silent. This is particularly important, given South Africa's role in international climate change negotiations, where mitigation measures and adaptation projects are debated. Mitigation measures may have serious knock-on impacts for local energy production and usage. A range of issues and questions arise from the paper presented here. For example: how does the CoJ perceive and frame climate risks with respect to climate change, climate variability and storms? Who is driving this agenda and for what ends? In an attempt to show the current need to develop the climate dialogue, to be one that contains reflections of sustainable development, we include an initial examination of the recently completed plan that focused specifically on climate change adaptation themes, namely, the CoJ CCAP (2009). Other related policy could also be included (e.g. National Environment Management Act; Integrated Development Plans, etc). The advantage of an initial assessment of the CoJ adaptation plan is that is shows the processes of gathering information and enables an examination of a range of issues that are being used in framing the City's potential response to climate change.
The method used here for an initial interrogation of current climate policy in the City was a simple one. A comprehensive study would require a much more targeted assessment of governance and justice dimensions in the City (e.g. Adger, 2001; Adger et al., 2009; Demeritt et al., 2010) . The approach used here was to look at the language and discourse that is used and to tease out how and in what ways storm risk is being articulated. Is the language mostly technical in nature or is there reference to some of the crosscutting and related issues that are linked to climate risks (i.e. those factors that shape vulnerability to climate risks)? How are communities most at risk included in such assessments, if at all? As Jasanoff (2010) suggests, the framing, vulnerability, distribution and deliberative learning associated with risk assessments (e.g. storms) also require attention. Thus, while we have begun to explore such notions in this simple assessment, more probing is clearly required to answer the questions that Jasanoff (2010) poses: 'What do we know about the risk and how do we know it? Who is likely to be hurt? How will the losses be distributed? And how can we reflect most effectively on our collective experiences of vulnerability and loss? ' (Jasanoff, 2010: 31, emphasis added) .
While the technical risk assessments are evident in the CoJ's CCAP, the document is notably silent on the 'collective experiences of vulnerability and loss'. According to the CoJ CCAP (2009), Johannesburg is likely to see an increase in annual rainfall, characterised by an increase in the frequency of heavy storm events and a longer storm season (much like the data assessment for thunderstorm occurrence that is profiled in this paper). The systems that are likely to be most affected by climate change are those that are already under stress in the current climatic conditions (CoJ, 2009) . The document states that the CoJ's rainfall season is characterised by an average of 713 mm of rainfall, which falls mainly from October to April. The nature of rainfall characteristic of the region (thunderstorms) makes the city more susceptible to flooding events due to the high volumes of runoff that can be produced in a short period of time (CoJ, 2009 ). According to more detailed climate model predictions, occurrences of heavy storms (those with a minimum of 10 mm of rainfall) are expected to increase in frequency (CoJ, 2009) . The analysis and prediction of trends are mostly limited to model projections, except for a study that was conducted in Krugersdorp (referred to above) (CoJ, 2009) .
It is noted in the CCAP that the past few rainy seasons have placed great pressure on the Johannesburg Road Agency (JRA) and have had negative impacts on informal settlements and the transport sector in particular. It observes that '[t]he impact on the CoJ due to climate change ... is one issue that cannot be adequately addressed without an in depth study of projected rainfall and temperature changes ' (CoJ, 2009: 37) . The impacts to the city's environment are then discussed and briefly summarised in a few key points. These include the damage to sanitation and water supply infrastructure that can lead to health risks, the economic consequences of damage to property and infrastructure, traffic accidents, traffic congestion and power supply issues (CoJ, 2009) . These are only some of the many consequences of heavy storm and flood events in the city.
The complexities relating to thunderstorms and their impacts are mentioned throughout the CoJ's adaptation plan. The impacts and projected thunderstorm changes are discussed in most of the document. There is, however, a lack of detail and focus within these areas, especially in light of their potential to increase risk and vulnerability in the city. The document focuses largely on a technical assessment of climate risks and is silent on the perceptions of risk of the most vulnerable or indeed of how the City authorities themselves frame and view climate risks as a result of storms.
The CCAP and strong reference to storm water management resonates with the assessment of storm characteristics presented in this paper. The plan is very good at highlighting such technical dimensions of risk and goes so far as to categorise the key risks that no doubt will have influence in how the City plans interventions into the future. The document profiles key strategic adaptations, namely, integration of adaptation into planning; developing alternative financing options for funding adaptation, developing a climate information system and improving stakeholder engagement. The document is silent, however, on the wider framings of risk, including those perceptions of risk and even observed climate variations from the most vulnerable in the City. This dimension, we argue, also requires attention, particularly if we as a community in the City are to reduce risks, particularly for the most vulnerable.
Decisions made now may compound or reduce future climate risks. A key difficulty in making these decisions is in both dealing with the uncertainty inherent in climate science (e.g. modelling a complex climate system from a physical sciences perspective), and considering the required responses to future climate risks (e.g. risk communication, governance approaches and what may be termed '… the politics of intervention') (Lakoff, 2010) (see also Dow and Carbone, 2007; Moser and Dilling, 2007; Demeritt et al., 2010) . The IPCC, for example, highlights the high level of uncertainty in climate change projections that makes it difficult to incorporate climate projections directly into policy (Ha-Duong et al., 2007; Le Treut et al., 2007) . Others have also more recently begun to seriously interrogate and probe other dimensions of the interface between the science of climate change and the varied discourses on 'what to do about climate change and disaster risk interventions' (see for example Hulme, 2009; Lakoff, 2010; Jasonoff, 2010) .
Conclusion
In this paper, we have shown how a focus on thunderstorms, and their characteristics over time, can be used as an entry point in trying to begin a wider dialogue on climate change, one which goes beyond a technical climate change debate. Recent presentations of this work have, for example, prompted press coverage and generated interest from the City and resonate with some of the climate outlooks in the cities adaptation plan. Is this enoughm however, for effective adaptation to climate stress in the City?
There is evidence from this study that the frequency and intensity of thunderstorm events in the CoJ appear to be changing over time. Such possible changes raise a range of issues that are of relevance for city managers, planners and residents in the city. Statistical assessments of storm characteristics are important, as we have shown, but so too are the lived experiences of those who experienced, for example, one of the most recent flooding events in the City (the event of 2009). We suggest that more details are required to inform 'adaptation plans for the city'. This requires information on: what the narrative from citizens (e.g. planners and residents) is regarding storm frequency and storm pattern; how flood risks are perceived and what responses are taken to 'manage' and live with flooding risks; and what resources residents have to cope with such events. Finally, what has been learnt, by the city and its residents, from such events to ensure that we are prepared for such occurrences in the near and more distant future? (Such an assessment is being undertaken by the authors in other municipal contexts as part of a Water Research Commission Project, and, we suggest, should also be undertaken for Johannesburg).
This paper has attempted to show that it is important to understand the range of issues that are brought to discussions on climate risk management, including 'thunderstorm' impacts and responses. These include improved assessments of climate data and storm patterns, but also, equally, understanding factors that influence climate risks and the myriad factors that compound the possible impacts associated with such risks. One single paper cannot hope to cover all aspects of climate 64 change and the associated risks, as the discourse is highly complex and developing a language and means of navigating it is equally complex. Some elements have been profiled in this paper. Others associated with thunderstorms include urban flood risks, arising from a range of interacting factors such as the type, magnitude and frequency of the storm events, land cover changes, high population density and, in some cases, poor urban planning and disaster-risk reduction practises. Poor stormwater management systems and concrete surfaces, for example, can increase the chance of flooding events. People who live on floodplains, however, often occupy marginal areas because of a range of socio-political factors including poverty (Satterthwaite et al., 2007) . These people, however, are not passive victims exposed to potential risks and usually possess a range of coping and other response strategies, which accumulate over time.
The process of deciding on the 'best' interventions to reduce disasters in complex urban settings is therefore not simple. Increasingly, policy makers are urged to consider effective adaptation and mitigation plans (e.g. responses to flooding) through an improved understanding of climate variability and change (e.g. Demerit et al., 2010) . It is not sufficient, however, to rely only on climate change projections to inform a risk response. It is equally important to find effective ways to improve the capacity of decision makers (here we include not only city mangers but also residents that are impacted by flooding). There remains much scope to improve our understanding and our negotiation of climate risk management. This includes improving our understanding of past and current storm patterns as well as possible future climate changes. It is also important to increase our efforts to improve understanding the context in which adaptation decisions are being made e.g. city adaptation plans. Effective risk interventions require both improved technical knowledge and knowledge of how institutional and social capabilities can be 'cultivated so as to ensure that bad events, when they invariably happen, do less damage to human solidarity and human lives' (Jasanoff, 2010: 28) .
